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(54) IMass spectrometer 



(57) A MALDI sample plale 1 is disclosed which 
comprises a metallic substrate 2 having a circular 
groove or moat 3. A hydrophobic polytetrafluoroethyi- 
ene layer 4 is applied to the substrate 2 and a central 
portion 5 of the substrate 2 Is laser etched which rough- 
ens the surface of the substrate 2. A thin polystyrene 
layer is then applied to the polytetrafluoroethylene layer 
4 and the central portion 5. 
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Description 

[0001] The present invention relates to MALDI sanrv 
ple plates. 

[0002] Matrix Assisted Laser Desorptlon lonlsation 
("MALDI") ion sources are typically used in conjunction 
with Time of Flight ("TOF") niass spectrometers to ana- 
lyse macro molecular samples such as peptides, pro- 
telnsj polymers, DNA, RNA, intact bacteria or cells, car- 
bohydrates, sugars etc. 

[0003] In MALDI njiass spectrometry, analyte is mixed 
with a matrix solution in an appropriate solvent and de- 
posited on a MALDI sample plate for subsequent drying 
and crystallization . During the course of the drying proc- 
ess, crystal growth of the matrix is induced and analyte 
molecules become co-crystallised with the matrix. The 
MALDI sample plate Is then inserted into a mass spec- 
trometer and a relatively small (e.g. 100 jim diameter) 
laser beam is directed on to the sample plate. Photon 
bombardment causes the matrix and the analyte to be 
desorbed and ionised without substantially fragmenting 
the analyte. The desorbed ions are then mass analysed 
in the mass spectrometer. The matrix is an energy ab- 
sorbing substance which absort^s energy from the laser 
beam thereby enabling desorption of analyte from the 
sample plate. 

[0004] A MALDI sample plate is known which conrv 
prises a stainless steel plate coated with a 30-40 |im 
thick layer of hydrophobic polytetrafluoroethyiene (also 
known as "FTFE" or Teflon (RTM)). 200 \irr\ diameter 
hydrophilicgold spots are sputtered on to the hydropho- 
bic surface using a photolithographic mask. The spots 
are spaced at 2.25 mm intervals so as to correspond 
with microtitre specifications. Small 1 ^1 sample droplets 
are then deposited on to the hydrophilic gold spots . After 
the solvent in the sample droplet has evaporated, the 
sample is deposited solely upon the 200 jim gold spots 
due to the strongly water repellent nature of the sur- 
rounding PTFE surface. 

[0005] According to a first aspect of the present inven- 
tion, there is provided a MALDI sample plate compris- 
ing: 

a substrate comprising a plurality of sample re- 
gions, wherein each sample region comprises: 

a laser etched portion formed in the substrate; 
a first portion surrounding at least part, prefer- 
ably the whole, of the laser etched portion; and 
a groove or raised portion surrounding at least 
part, preferably the whole, of the first portion; 

wherein the sample plate further comprises: 

a first layer disposed on at least part, preferably the 
whole, of the first portion wherein the first layer com- 
prises a first hydrophobic material. 



[0006] A particular advantageous fieature of the pre- 
ferred embodiment is that the MALDI sample plate can 
handle larger volumes of analyte e.g 5-10 mJ than the 
known MALDI sample plate. 

5 [0007] A further important advantage of the preferred 
MALDI sample plate is that the sample plate can be 
washed once samples have been deposited on the plate 
prior to mass analysis i.e. samples can be concentrated 
and cleaned directly on the surface of the MALDI sample 

10 plate. Sample preconcentration and effective sample 
purifteation by washing away of sample contaminants 
greatly increases sensitivity over conventional sample 
preparation methods using known MALDI sample 
plates. It has been found that using a MALDI sample 

15 plate according to the pretended embodiment It is possi- 
ble to detect and analyse peptide and protein samples 
at sub fenmo mole per fil concentration levels when the 
samples contain significant levels of salt contaminants. 
This represents a significant advance in the art; 

20 [0008] Preferably, the first layer may also be disposed 
on the groove or raised portion which helps define the 
perimeter of the sample region. 
[0009] The first layer may comprise either polystyrene 
or polytetrafluoroethyiene. 

25 [0010] The first layer preferably has a thfekness se- 
lected from the group consisting of: (I) < 5 p.m; (ii) 6-10 
nm; (ill) 1 0-1 5 ^im; (iv) 16-20 ^im; (v) 20-25 ^m; (vi) 25-30 
nm; (vii) 30-35 \im; (viii) 35-40 jim; (ix) 40-46 ^m; (x) 
45-50 \im] (xi) 50-55 \im: (xii) 55-60 ^m; (xiii) 60-65 p-m; 

30 (xiv) 65-70 ^lm; (xv) 70-75 jun; (xvi) 75-80 ^m; (xvii) 
80-85 urn; (xviii) 85-90 urn; (xlx) i90-95 urn; (xx) 95-100 
nm; and (xxi) > 1 00 urn. According to a particularly pre- 
ferred embodiment, the first layer may be 60-100 
thick. 

35 [0011] Preferably the contact angle of a solvent or 
water droplet with the first hydrophobic material is se- 
lected from the group consisting of: (i) > 90°; (ii) > 95°; 
(iii) > lOO**; (iv) > 105^ (v) ^ HO**; (vi) ^ 115^ and (vli) 

110-114^ 

40 [001 2] The laser etched portion is preferably an-anged 
centrally within the sample region and preferably com- 
prises a roughened region of the substrate. The laser 
etched portion may include residual polymerised mate- 
rial which was a hydrophobic substance prior to the laser 

45 etched portion being fomied. 

[0013] A second layer Is preferably disposed on at 
least the laser etched portion and may also be disposed 
on the first portion and the groove or raised portion. 
[0014] Preferably the second layer comprises a sec- 

50 ond hydrophobic material such as either polystyrene or 
polytetrafluoroethyiene. 

[0015] Preferably, the second layer has a thtekness 

selected from the group consisting of: (i) < 100 ^im; (ii) 
< 90 Jim; (iii) < 80 ^m; (iv) < 70 ^m; (v) < 60 jim; (vi) < 
55 50 pm; (vii) S 40 ^im; (viii) < 30 jim; (ix) < 20 ^m; (x) < 
10 ^m; (xi) ^ 5 ^im; (xii) <. 1 jirn; (xiii) <. 100 nm; (xiv) < 
10 nm; and (xv) < 1 nm. In one embodiment the second 
layer may be a single monolayer thick. In other embod- 
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Iments the second layer may be a few monolayers thick. 
According to a particularly preferred embodiment the 
second layer is substantially thinner than the thickness 
of the first layer. 

[001 6] The contact angle of a solvent or water droplet 
with the second hydrophobic material is preferably se- 
lected from the group consisting of: (i) ^ 90**; (II) ^ 95^ 
(iii) > 100°; (iv) > 105^ (v) > 110^ (vl) > 115^ and (vli) 
110•114^ 

[001 7) The substrate may be metallic, plastic, ceram- 
ic, a semiconductor or glass. The groove or raised por- 
licn IS prcfcraDly substantially circular and the groove 
m^y -orm a dr/ moai. 

[0016] In one embodiment the groove or raised por- 
licn ras an inner diameier selected from the group con- 
sisting ot 

(•) 2 0-2 2 mm. ( i) 2.2-2.4 mm; (iii) 2.4-2.6 mm; (iv) 
2 6-2.8 mm and (v) 2.8-3.0 mm. The groove may 
have «i depth or the raised portion may have a 
height selected from the group consisting of: (i) 
0.10-0.12: (li) 012-0.14; (iii) 0.14-0.16; (iv) 
0.16 0. 18: (V) 0.18 0.20; (vi) 0.20-0.22 mm; (vii) 
0.22-054 mm: \y\x\) 0.24-0.26 mm; (ix) 0.26-0.28 
mm: (x) 0.28-0 30 mm; (xi) 0.30-0.32 mm; (xll) 
0.32-0.34 mm: (xiii) 0.34-0.36 mm; (xiv) 0.36-0.38 
mm: (xv) 0.38-0.40 mm; (xvi) 0.40-0.42 mm; (xvii) 
0.42-0.44 mm: (xvlii) 0.44-0.46 mm; (xlx) 0.46-0.48 
mm: and (xx) 0 48-0.50 mm. The laser etched por- 
tion may have a diameter selected from the group 
consisting of: (i) 0.2-0.4 mm; (ii) 0.4-0.6 mm; (Hi) 
0.6-0.8 mm: (iv) 0.8-1.0 mm; (v) 1.0-1.2 mm; (vi) 
1 ,2-1 .4 mm; (vii) 1 .4-1 .6 mm; and (vlli) 1 .6-1 .8 mm. 

[001 9] According to another embodiment, the groove 
or raised portion may have an Inner diameter selected 
from the group consisting of: (i) 1 .0-1 .2 mm; (ii) 1 .2-1 .4 
mm; (iii) 1.4-1.6 mm; (iv) 1,6-1.8 mm; and (v) 1.8-2.0 
mm. The groove may have a depth or the raised portion 
may have a height selected from the group consisting of: 

(i) 0.10-0.12; (ii) 0.12-0.14; (Iii) 0.14-0.16; (iv) 
0.16-0.18; (V) 0.18-0.20; (vl) 0.20-0.22 mm; (vii) 
0.22-0.24 mm; (vlii) 0.24-0.26 mm; (ix) 0.26-0.28 
mm; (x) 0.28-0.30 mm; (xi) 0.30-0.32 mm; (xii) 
0.32-0.34 mm; (xiii) 0.34-0.36 mm; (xiv) 0.36-0.38 
mm; (xv) 0.38-0.40 mm; (xvi) 0.40-0.42 mm; (xvii) 
0.42-0.44 mm; (xviii) 0.44-0.46 mm; (xix) 0.46-0.48 
mm; and (xx) 0.48-0.50 mm. The laser etched por- 
tion may have a diameter selected from the group 
consisting of: (I) 0.2-0.4 mm; (ii) 0.4-0.6 mm; (ill) 
0.6-0.8 mm; and (iv) 0.8-1 .0 mm. 

[0020] Large format embodiments are also contem- 
plated wherein the groove or raised portion has an inner 
diameter of 3-4 mm, 4-5 mm, 5-6 mm, 6-7 mm, 7-8 mm, 
8-9 mm, 9-10 mm or > 1 0 mm. Such embodiments would 
enable a sample of up to 100 to be deposited. 



' [0021] The laser etched portion may have peaks and 
troughs which are separated by an average distance se- 
lected from the group consisting of: (0 100-90M^m; (ii) 
90-80jim; (iii) 80-70jim; (iv) 70-60nm; (v) 60-50^m; (vi) 
5 50-40^m; (vii) 40-30^im; (viii) 30-20^Lm; (ix) 20-1 O^im; 
and (x) lO-l^im. 

[0022] Preferably, the laser etched portion has the ef- 
fect of drawing in a sample solution deposited on the 
sample plate as the volume reduces. It is believed that 

10 this may be due to the substantially increased surface 
area of the laser etched region. 
[0023] The sample plate may be arranged in a micro- 
titre format so that the pitch spacing between samples 
is approximately or exactly 1 8 mm, 9 mm, 4.5 mm. 2.25 

15 mm, on .1 25 mm. Up to 48, 96, 384, 1 536 or 61 44 sam- 
ples may be arranged to be received on the sample 
plate. Samples may be arranged to be deposited on the 
sample plate in a pattern of four samples about a central 
control sample well. 

20 [0024] According to a second aspect of the present 
invention, there is provided the combination of a MALDI 
sample plate and bio-molecules deposited on to the 
sample plate. 

[0025] According to a third aspect of the present in- 
25 vention, there Is provided a MALDI mass spectrometer 
in combination with a MALDI sample plate. 
[0026] According to a fourth aspect of the present in- 
vention, there Is provided a sample plate for use in mass 
spectrometry comprising: 

30 

a substrate comprising a plurality of sample re- 
gions, wherein each sample region comprises: 

a perimeter defining the sample region; 
35 an etched, roughened or Indented piortion with- 

in the perimeter and fomDed in the substrate; 
and 

a hydrophobic surface surrounding and/or cov- 
ering the etched, roughened or indented por- 
40 tion within the perimeter. 

[0027] Preferably, the perimeter comprises a groove 
or a raised portion. 

[0028] Less prefen-ed embodiments are contemplat- 
es ed wherein the etched, roughened or Indented portion 
and the hydrophobic surface surrounding the etched, 
roughened or indented portion are above or below the 
surface of the substrate. 

[0029] According to a fifth aspect of the present tnven- 
50 tion, there is provided a sample plate for use in mass 
spectrometry comprising: 

a plurality of roughened, etched or indented regions 
each coated with a material having a surface energy 
55 selected from the group consisting of: (i) < 72 dynes/ 
cm; (ii) ^ 70 dynes/cm; (iii) ^ 60 dynes/cm; (Iv) <. 50 
dynes/cm; (v) < 40 dynes/cm; (vi) < 30 dynes/cm; 
(vii) < 20 dynes/cm; and (viii) < 10 dynes/cm; and 
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a groove or raised portion surrounding each rough- 
ened, etched or Indented region. 

[0030] According to a sixth aspect of the present in- 
vention, there is provided a method of mass spectrom- 
etry, comprising the step of using a preferred MALDI 
sample plate. 

[0031] According to a seventh aspect of the present 
invention, there is provided a method of sample prepa- 
ration comprising the/step of: 

automatically or/manually spotting samples on to a 
prefen-ed MALE^I sample plate. 

[0032] According to an eighth aspect of the present 
invention, there is provided a method of sample prepa- 
ration comprising the step of: 

automatically or manually washing samples depos- 
ited on to a preferred MALDI sample plate. 

[0033] According to a ninth aspect of the present in- 
vention, there is provided a method of mass spectrom- 
etry comprising the step of: 

automatically or manually analysing analyte depos- 
ited on to a preferred MALDI sample plate. 

[0034] According to a tenth aspect of the present in- 
vention, there is provided a method of making a MALDI 
sample plate, comprising the steps of: 

providing either a substrate having a hydrophobic 
coating on at least part, preferably the whole, of the 
surface of the substrate or a hydrophobic substrate; 
etching, roughening or Indenting at least one 
etched, roughened or Indented portion In the sub- 
strate by either: (i) laser ablation; (ii) chemical etch- 
ing; (ilO electrochemical etching; (iv) mechanical 
etching; (v) electronbeam etching; or (vi) mechani- 
cal pressing; and 

coating at least a portion of the at least one etched, 
roughened or indented portion with a film of hydro- 
phobic material. 

[0035] Preferably, substantially the whole of the 
etched, roughened or indented portion is coated with the 
film. Further preferably, a substantial portion of the sub- 
strate Is coated with the film. Preferably, the substrate 
has a groove or raised portion sunrounding the at least 
one etched, roughened or indented portion. 
[0036] According to an eleventh aspect of the present 
invention: there is provided a method of making a sam- 
ple plate for use in mass spectrometry, comprising the 
steps of: 

providing a substrate having a hydrophobic surface 
and having a plurality of sample regions defined by 



a plurality of grooves or raised portions; 
fomning a roughened, etched or indented region 
within at least some of the sample regions; and 
coating at least a portion of at least some of the 
5 roughened, etched or indented regions with a hy- 
drophobic material. 

[0037] According to a twelfth aspect of the present in- 
vention, there is provided a method of preparing a sam- 
10 pie on a MALDI sample plate, comprising: 

providing a MALDI sample plate comprising a 
roughened, etched or Indented region having a hy- 
drophobic coating on at least a portion of the region; 
15 and 

depositing sample(s) on to the MALDI sample plate, 
each the sample(s) having a volume selected from 
the group consisting: (i) 2-4 ^il; (ii) 4-6 ^.1; (lii) 6-8 ^ll; 
(iv) 8-10 [il; (v) 10-12 Hi; (vi) 12-14 ^l; (vii) 14-16 ^il; 
20 (vili) 16-18 ^il; (ix) 18-20 ^1; (x) 20-30 ^1; (xi) 30-40 
Lil; (xil) 40-50 |xl; (xill) 50-60 |il; (xiv) 60-70 ^il; (xv) 
70-80 fil; (xvi) 80-90 jil; and (xvii) 90-1 00 jil. 

[0038] Advantageously, larger volumes of sample can 
25 be deposited on to the preferred sample plate compared 
to conventional techniques. 

[0039] According to a thirteenth aspect of the present 
invention, there is provided a method of preparing a 
sample on a MALDI sample plate, comprising: 

30 

providing a MALDI sample plate comprising a 
roughened, etched or indented region having a hy- 
drophobic coating on at least a portion of the region; 
depositing sample(s) which include analyte on to 

35 the MALDI sample plate so that the sample(s) at- 
taches to the roughened, etched or indented region; 
allowing the sample(s) to reduce in volume and so 
concentrate analyte on to the roughened, etched or 
indented region; and then 

40 washing the MALDI sample plate. 

[0040] According to a fourteenth aspect of the present 
invention, there is provided a method of automatically 
preparing a sample on a sample plate, comprising: 



45 



50 



55 



providing a sample plate; 

aulohnatically depositing sample(s) on to the sam- 
ple plate so that sample(s) attaches to part of the 
sample plate comprising a roughened, etched or in- 
dented region having a hydrophobic coating on at 
least a portion of the region; 
allowing the sample to reduce in volume and so 
concentrate analyte on to the roughened, etched or 
indented region; and then 
automatically washing the sample plate. 

[0041] According to a fifteenth aspect of the present 
invention, there is provided a method of sample prepa- 
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ration comprising the step of: 

automatically ormanually chemically destalning gel 
or membrane samples in situ on a preferred M ALDI 
sample plate. 

[0042] Destalning is the process of removing a chenrh 
ical stain that is used to detect the presence of protein, 
protein related material, DNA or RNA In either a poly- 
acrylamide gef, or a membrane, by forming a chemical 
reaction with the amino acids present In the protein 
backbone, Destalning involves washing with a variety of 
aqueous and organic solvents. 
[0043] According to a sixteenth aspect of the present 
invention, there is provided a method of sample prepa- 
ration comprising the step of: 

automatically or manually chemically reducing 
samples in situ a preferred MALDI sample plate. 

[0044] Reduction is a means of chemically reducing 
any disulphide (S-S) bridges that may be present in the 
protein structure, by treating with a reducing agent, such 
as but not limited to dithiothretal (DTT), mercaptoetha- 
nol and TCEP. 

[0045] According to a seventeenth aspect of the 
present invention, there is provided a method of sample 
preparation comprising the step of: 

automatically or manually chemically alkylating 
samples in situ on a preferred MALDI sample plate. 

[0046] Alkylation is the chemical modification of 
cysteine residues, present in the protein or polypeptide 
such that disulphide bridges may not refomi. 
[0047] According to an eighteenth aspect of the 
present Invention, there Is provided a method of sample 
preparation comprising the step of: 

automatically or manually tryptlcally or chemically 
digesting samples in situ on to a preferred MALDI 
sample plate. 

[0048] Enzymatic or chemical digestion is the use of 
a chemical or enzymatk: method to make shorter 
lengths of polypeptide from a protein, by cleaving either 
specifically or non-specifically at the N or C-lerminal 
side of the peptide bond. 

[0049] According to a nineteenth aspect of the 

present Invention, there Is provided a method of sample 
preparation comprising the step of: 

automatically or manually chemically derivatising 
samples deposited on to a preferred MALDI sample 
plate. 

[0050] Derivatlsation Is any modification of a protein, 
peptide, DNA or RNA that chemically changes the mol- 



ecule. This is primarily used to either enhance the ioni- 
sation of the molecule by mass spectrometry, improve 
the fragmentation of the protein/ peptide or to allow rel- 
ative quantitative measurements to be made. 
5 [0051 ] According to a twentieth aspect of the present 
invention, there is provided a method of sample prepa- 
ration comprising the step of: 

automatically or manually washing samples in situ 
10 on a preferred MALDI sample plate in order to re- 
move gel or membrane samples and/or other con- 
taminants. 

[0052] According to a twenty*flrst aspect of the 
15 present invention , there Is provided a method of sample 
preparation comprising at least two, three, four, five or 
six of the following steps: 

(i) automatically or manually chemically destalning 
20 gel or membrane samples In situ on a MALDI sam- 
ple plate; 

(ii) automatk;ally or manually chemically reducing 
samples In situ on a MALDI sample plate; 

(iii) automatk^ally or manually chemically alkylating 
25 samples in situ on a MALDI sample plate; 

(iv) automatically or manually tryptically or chemi- 
cally digesting samples in situ on a MALDI sample 
plate; 

(v) automatically or manually chemically derrvatis- 
30 ing samples in situ a MALDI sample plate; and 

(vi) automatically or manually washing samples in 
situ on a MALDI sample plate in order to remove gel 
or membrane samples and/or other contaminants, 

35 Wherein the MALDI sample plate is a prefen^ed 
MALDI sample plate. 

[0053] Various embodiments of the present invention 
will now be described, by way of example only, and with 
reference to the accompanying drawings In which: 

40 

Fig. 1(a) shows a plan view of a preferred MALDI 
sample plate, and Fig. 1 (b) shows a side view of the 
MALDI sample plate; 

Fig. 2 shows a sample being deposited on to a sam- 
45 pie plate and contracting as the solvent evaporates; 
Fig. 3(a) shows a mass spectrum of ADH protein 
digest deposited on to a preferred MALDI sample 
plate at a concentration of 2 attomole/fil, Fig. 3(b) 
shows a mass spectrum of ADH protein digest de- 
50 posited on to a preferred MALDI sample plate at a 
concentration of 20 attomole/^l, and Fig. 3(c) shows 
a mass spectrum of ADH protein digest deposited 
on to a preferred MALDI sample plate at a concen- 
tration of 200 attomole/jil; 
55 Figs. 4(a) and (b) show comparative mass spectra 
from a digest sarriple of BSA protein (500 fmol orig- 
inally loaded onto gel) which was spotted onto a 
preferred MALDI sample plate and a conventional 
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MALDI sample plate; 

Figs. 5(a) and (b) show comparative mass spectra 
from a digest sample of BS A protein (250 f mol orig- 
. Inally loaded onto gel) which was spotted onto a 
prefen^ed MALDI sample plate and a conventional 
MALDI sample plate; 

Figs. 6(a) and (b) show comparative mass spectra 
from a digest sample of BSA protein (1 00 f mol orig- 
inally loaded onto gel) which was spotted onto a 
prefen^ed MALDI sample plate and a conventional 
MALDI sample plate; and 
Figs 7i a) (c) show comparative mass spectra from 
a SCO Imo' digest sample of BSA protein which was 
spotted on to a prefen^ed MALDI sample plate, a 
convcrtional MALDI sample plate after Zip Tip sam- 
ple proparaiion and a conventional MALDI sample 
plate 

[00S4] By way of background, if a substance is hydro- 
phobic men it wili be lepelled by water or other highly 
polar nnolccutes More specifically, the water molecules 
tend to repel other non-polar molecules that cannot form 
hydrogen bonds thereby causing non-polar or hydro- 
phobic molecules to aggregate together (this is also 
known as the "hydrophobic interaction"). Conversely, 
water molecules lend to attract and dissolve polar mol- 
ecules or hydrophtlic molecules that can form hydrogen 
bonds with the water. Hydrophobic interaction is the re- 
sult of electrostatic forces between polar molecules. 
These are responsible for pushing hydrophobic mole- 
cules together or towards other hydrophobic material 
such as the reverse phase material in liquid chromatog- 
raphy. This term is sometimes confused with the temn 
affinity which is an attractive force. 
[0055] One way of observing hydrophobicity is to ob- 
serve the contact angle formed between a water droplet 
or solvent and a substrate. Generally, the higher the 
contact angle the more hydrophobic the surface. For ex- 
ample, the contact angle between water and PTFE Is 
about 112**. Generally if the contact angle of a liquid on 
a substrate is less than 90" then the material is said to 
be wettable (and hence more hydrophilic) by the liquid 
where the less the angle the greater the level of spread- 
ing. II the contact angle is greater than 90° then the ma- 
terial Is said to be non wettable (and hence more hydro- 
phobic). 

[0056] The surface energy of a solid can also be used 
to give an indication of hydrophobicity. The lower the 
surface energy of a solid substrate the greater the con- 
tact angle because the molecules of the substrate are 
not attracting the molecules of the liquid. For example, 
PTFE has a surface energy of 1 8 dynes/cm, polystyrene 
33 dynes/cm, water 72 dynes/cm and stainless steel 
700-1100 dynes/cm. The lower the surface energy the 
more hydrophobic the material is and conversely, the 
higher the surface energy the more hydrophilic the ma- 
terial is. 

[0057] A preferred MALDI target or sample plate 1 will 



now be described with regard to Fig. 1 .The sample plate 
1 comprises a flat conductive metal plate or substrate 
2, preferably stainless steel. The substrate 2 Is etched, 
preferably by a laser, so that a number of circular moat 
5 portions or grooves 3 are produced In the substrate 2. 
Each circular moat portion or groove 3 defines a sample 
position. 

[0058] A high density of sample positions may be pro- 
vided on the sample plate 1 . For ease of illustration only 

10 four sample positions are shown in Fig. 1 , but according 
to an embodiment 96 sample positions and 24 reference 
positions may be provided on a 55 mm x 40 mm steel 
plate. The steel plate 2 is approximately 2.5 mm thick. 
[0059] The circular moats 3 have a diameter of ap- 

'5 proximately 2.5 mm and each moat 3 is approximately 
0.25 mm wide and 0.25 deep. 
[0060] Substrate 2 Is coated with a hydrophobic ma- 
terial such as polytetrafluoroethylene ("PTFE") which 
creates a layer approximately 100 ^m thick or less. As 

20 shown in Fig. 1(b), because of the moat portions 3 there 
is a dip in the PTFE layer 4 above the corresponding 
moat 3. 

[0061 ] A laser etched region 5 is then made in the cen- 
tre of each sample portion by laser etching or ablation. 

25 Each laser etched region 5 has a diameter of approxi- 
mately 0.4-0.6 mm. The precise structure of the laser 
etched region 5 has not been fully investigated but the 
steel substrate 2 underneath the upper surface of the 
laser etched region 5 is roughened or indented by the 

30 laser etching process. The laser etching process is be- 
lieved to remove some or all of the PTFE coating leaving 
behind a roughened region which is presumed to have 
a large surface area. 

[0062] The laser etched region 5 is a roughened re- 
35 gion having peaks and troughs. The peak to valley 
height is approxnnately 30 \m. 
[0063] Once the laser etched regions 5 have been 
fomned; a thin layer of hydrophobic material preferably 
polystyrene Is applied across at least the roughened la- 
40 ser etched region 5. It may also be applied across sub- 
stantially the whole of the upper surface of the sample 
plate 1 . 

[0064] A preferred sample preparation protocol will 
now be described. 

45 [0065] A sample Is preferably deposited In a relatively 
large volume of 5- 1 0 ^1 compared to the sample protocol 
used with the known sample plate. The sample solution 
preferably contains analyte and a solvent such as 
20-30% acetonitrile ("ACN"). 

50 [0066] The large volume sample loading of 5-1 0 ^1 is 
possible because the hydrophobic surface provides an 
increased contact angle with the sample solution com- 
pared to a stainless steel sample plate. In addition, the 
sample moat geometry maintains the high contact angle 

55 and acts as a barrier to the droplet perimeter. The com- 
bination of both the hydrophobk: surface and the sample 
moat 3 gives an approximate 5-10 fold improvement in 
sample volume retention. 
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[0067] The solvent in the sample solution is allowed 
to evaporate. During the evaporation the solution drop- 
let is immobilised onto the roughened laser etched re- 
gions 5. Bio-molecules preferentially aggregate on the 
enlarged hydrophobic surfaces due to hydrophobic in- 
teractions. Although both PTFE and polystyrene are 
highly hydrophobic, it is believed that the relatively large 
surface area of the hydrophobic coating in the micro 
structure of the roughened laser etched region 5 allows 
accommodation of k relatively large proportion of the 
sample over the laijt|e surface area of the hydrophobic 
material within the roughened laser etched regions 5. 
[0068] Once the solvent has completely evaporated 
the analyte bio-molecules are immobilised to the en- 
larged surface area of hydrophobic coating within the 
laser etched regions 5. 

[0069] According to a particularly preferred embodi- 
ment, the sample plate 1 can then be submerged In wa- 
ter to wash the sample and to remove impurities such 
as inorganic salts. The washed sannpie can then be an- 
alysed directly on the sample plate 1 by the addition of 
a small volume (1|il) of matrix. 

[0070] The matrix preferably comprises a-cyano- 
4-hydroxycinnamic acid (CHCA). However, other matri- 
ces such as 2,5-dihydroxybenzoic acid (DHB), hydrox- 
ypicolinic acid (HPA), 3,5-dimelhoxy-4-hydroxycinnam- 
ic acid (Sinaplnic acid), glycerol, succinic acid, thiourea, 
2-(4-hydroxypheylazo)benzoic acid (HABA), esculetin 
and 2,4,5-trlhydroxyacetophenone may be used. 
[0071] The matrix solvent preferably has a high or- 
ganic content typically 70-90%. The matrix solvent dis- 
sociates the bio-molecules from the roughened laser 
etched region so allowing the co-crystallisation of ana- 
lyte and matrix. The matrix droplet is also immobilised 
onto the roughened laser etched region 5 and this en- 
sures that the sample is crystallised in a small area. 
[0072] Fig. 2 shows a sample being deposited on to 
a sample plate and progressively contracting as the sol- 
vent evaporates. 

[0073] Figs. 3(a)-{c) show three mass spectra of an 
in solution tryptic digest sample of Alcohol Dehydroge- 
nase (ADH) protein showing the sensitivity and focusing 
of different concentrations using the sample plate ac- 
cording to the preferred embodiment. Each sample vol- 
ume loaded was 5^1. The sample concentrations were 
2 attomole/^il (0.01 fmol), 20 attomole/nl (0.1 fmol) and 
200 atlomole/p.1. As is readily apparent from Figs. 3(a) 
and (b), the detection limit of tryptic peptides using the 
preferred MALDt sample plate 1 and sample prepara- 
tion protocols is very low (between 2 and 20 attomole/ 

[0074] Figs. 4(a) and (b) shows mass spectra from a 
500 fmol digest sample of BSA protein that was injected 
onto a 1 D gel plate (Bio-Rad (RTM)). The gel was silver 
stained and the protein band was cut out and processed 
using Micromass Massprep (RTM) automated sample 
preparation station. The automated sample processing 
included destaining of the cut out gel pieces, reduction 



and atkylation. tryptic digestion, conditioning and spot- 
ting onto the MALDI sample plate 1 , washing in situ on 
the MALDI sample plate 1 (to remove salts) and finally 
addition of matrix onto the MALDI sample plate 1 . Fig. 

5 4(a) shows the resultant mass spectrum where the 
Massprep loaded 6^1 (from a total of 20iliI produced) on- 
to a preferred MALDI sample plate 1 and Fig. 4(b) shows 
the resultant mass spectrum with a standard loading of 
2^1 onto a conventional MALDI plate. 

10 [0075] The mass spectra shown In Figs. 5(a) and (b) 
and Figs. 6(a) and (b) were obtained following the same 
method and using the same sample as described in re- 
lation to Figs. 4(a) and (b) except that lower amounts of 
protein were loaded on to the gel (250fmol and lOOfmol 

15 respectively). 

[0076] As Is readily apparent from Figs, 4-6, the de- 
tected intensity of the tryptic peptides Is much higher on 
the pretended MALDI sample plate 1 relative to the 
standard plate and therefore the ultimate detection limit 

20 is significantly lower when using the preferred MALDI 
sample plate 1 . 

[0077] Finally, Fig. 7 compares mass spectra ob- 
tained from using 2p.l of the same sample used to obtain 
the mass spectra shown In Figs. 4-6 loaded onto a pre- 

25 ferred MALDI sample plate 1 (Fig. 7(a)), a standard tar- 
get plate after Zip Tip sample preparation routine (Fig. 
7(b)) and a standard stainless steel M ALDI sample plate 
(Fig. 7(c)). Zip Tips (C1 8) involve binding of analyles to 
CI 8 material followed by washing away of salts and sub- 

30 sequent elution onto a sample plate. It is not a direct in- 
situ method and suffers from transfer losses. It also does 
not work well with hydrophobic peptides or high concen- 
trations of salts and CHAPS etc. As is readily apparent, 
the preferred MALDI sample plate 1 produces signifl- 

35 cantly higher signals and lower noise levels than the Zip 
Tip method. In this experiment no significant signal was 
observed when using a standard MALDi plate (Fig. 7 
(c)). 

[0078] Although the present invention has been de- 

40 scribed with reference to preferred erribodiments, it will 
be understood by those skilled in the art that various 
changes In fornn and detail may be made without depart- 
ing from the scope of the invention as set forth In the 
accompanying claims. 

45 

Claims 

1 . A MALDI sample plate comprising: 

50 

a substrate comprising a plurality of sample re- 
gions, wherein each sample region comprises: 

a laser etched portion formed in said sub- 
55 strate; 

a first portion surrounding at least part or 
substantially the whole of said laser etched 
portion; and 
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a groove or raised portion surrounding at 
least part or substantially the whole of said 
first portion; 

wherein said sample plate further comprises: 5 

a first layer disposed on at least part or sub- 
stantially the whole of said first portion wherein 
said first layer comprises a first hydrophobic 
material. 

2. A I^ALDI sample plate as claimed in claim 1 , where- 
in said first layer is also disposed on said groove or 
raised portion. 

15 

3. A MALDI sample plate as claimed in claim 1 or 2, 
wherein said first hydrophobic material is selected 
from the group consisting of: (1) polytetrafluoroeth- 
ylene ("PTFE"); and (ii) polystyrene. 

20 

4. A MALDi sample plate as claimed In claims 1 , 2 or 
3, wherein said first layer has a thickness selected 
from the group consisting of: (i) < 5 iim; (ii) 5-10 p.m; 
(lii) 1 0-15 iim; (iv) 1 5-20 jim; (v) 20-25 jim; (vl) 25-30 
[im; (vii) 30-35 |im; (viii) 35-40 jim; (ix) 40-45 \im; 25 
(x) 45-50 ^im; (xi) 50-55 ^m; (xii) 55-60 fim; (xiii) 
60-65 ^im; (xlv) 65-70 pm; (xv) 70-75 ^m; (xvi) 75-80 
Jim; (xvii) 80-85 jim; (xviii) 85-90 |im: (xix) 90-96 jim; 
(xx) 95-100 Jim; and (xxi) > 100 fim. 

30 

5. A MALDI sample plate as claimed in any preceding 
claim, wherein the contact angle of a solvent or wa- 
ter droplet with said first hydrophobic material is se- 
lected from the group consisting of: (I) > 90°; (ii) > 
95^ (iii) ^ 100^ (iv) ^ 105^ (v) ^ 110^ (vi) ^ 115^ 35 
and (vii) 110-114^ 

6. A MALDI sample plate as claimed in any preceding 
claim, wherein said laser etched portion comprises 
a roughened region of said substrate. 

7. A MALDI sample plate as claimed in claim 6, where- 
in said laser etched portion comprises originally hy- 
drophobic material which has been subsequently 
polymerized by a laser. 

8. A MALDI sample plate as claimed In any preceding 
claim, further comprising a second layer disposed 
on at least a part or substantially the whole of said 
laser etched portion. 

9. A MALDI sample plate as claimed in claim 8, where- 
in said second layer is also disposed on said first 
portion. 

55 

10. A MALOt sample plate as claimed in claim 8 or 9, 
wherein said second layer is also disposed on said 
groove or raised portion. 



11. A MALDI sample plate as claimed in claim 8, 9, or 
10, wherein said second layer comprises a second 
hydrophobic material. 

12. A MALDI sample plate as claimed in claim 11, 
wherein said second hydrophobic material is select- 
ed from the group consisting of: (i) polystyrene; and 
(ii) polytetrafluoroethylene ("PTFE"). 

13. A MALDI sample plate as claimed in any of claims 
8-12, wherein said second layer has a thickness se- 
lected from the group consisting of: (i) < 1 00 jtm; (11) 
^ 90 urn; (iii) < 80 ^m; (iv) < 70 \xm; (v) ^ 60 fim; (vi) 
< 50 nm; (vii) < 40 jim; (viii) < 30 (ix) < 20 jim; 
(X) < 1 0 nm; (xi) < 5 jim; (xii) < 1 jim; (xiii) < 1 00 nm; 
(xlv) < 1 0 nm; (xv) < 1 nm; (xvi) 1 -5 monolayers; and 
(xvii) a single monolayer. 

14. A MALDI sample plate as claimed in any of claims 
8-1 3, wherein the contact angle of a solvent or water 

droplet with said second hydrophobic material is se- 
lected from the group consisting of: (i) ^ 90**; (ii) ^ 
95*; (iii) > 100«; (iv) > 105^ (v) > 110^ (vi) > 115«; 
and (vii) 110-114^ 

15. A MALDI sample plate as claimed in any preceding 
claim, wherein said substrate is selected from the 
group consisting of: (i) metallic; (ii) plastic; (iii) ce- 
ramic; (iv) semiconductor; and (v) glass, 

16. A MALDI sample plate as claimed in any preceding 
claim, wherein said groove or raised portion is sub- 
stantially circular. 

17. A MALDI sample plate as claimed in any preceding 
claim, wherein said groove or raised portion has an 
inner diameter selected from the group consisting 
of: (i) 2.0-2.2 mm; (ii) 2.2-2.4 mm; (iii) 2,4-2.6 mm; 
(iv) 2.6-2.8 mm; and (v) 2.8-3.0 mm. 

18. A MALDI sample plate as claimed in claim 17, 
wherein said groove has a depth or said raised por- 
tion has a height selected from the group consisting 
of: (i) 0.10-0.12; (ii) 0.12-0.14; (iii) 0.14-0.16; (iv) 
0.16-0.18; (V) 0.18-0.20; (vi) 0.20-0.22 mm; (vll) 
0.22-0.24 mm; (viii) 0.24-0.26 mm; (ix) 0.26-0.28 
mm; (x) 0.28-0.30 mm; (xi) 0.30-0.32 mm; (xii) 
0.32-0.34 mm; (xiii) 0.34-0.36 mm; (xiv) 0.36-0.38 
mm; (xv) 0.38-0.40 mm; (xvi) 0.40-0.42 mm; (xvii) 
0.42-0.44 mm; (xviii) 0.44-0.46 mm; (xix) 0.46-0.48 
mm; and (xx) 0.48-0.50 mm. 

19. A MALDI sample plate as claimed in claim 17 or 1 8, 
wherein said laser etched portion has a diameter 
selected from the group consisting of: (I) 0.2-0.4 
mm; (ii) 0.4-0.6 mm; (iii) 0.6-0.8 mm; (iv) 0.8-1 .0 
mm; (v) 1.0-1.2 mm; (vi) 1.2-1.4 mm; (vii) 1.4-1.6 
mm; and (viii) 1 .6-1 ,8 mm. 
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20. A MALDI sample plate as claimed in any of claims 
1-16, wherein said groove or raised portion has an 
inner diameter selected from the group consisting 
of: (i) 1 .0-1 .2 mm; (ii) 1 .2-1 .4 mm; (ili) 1 .4-1 .6 mm; 
(Iv) 1 .6-1 .8 mm; and (v) 1 .8-2.0 mm. 5 

21. A MALDI sample plate as claimed in claim 20, 
wherein said groove has a depth or said raised por- 
tion has a height selected from the group consisting 

of: (I) 0.10-0.12? (ii) 0.12-0.14; (iii) 0.14-0.16; (iv) io 
0.16-0.18; (V) 0.18-0.20; (vi) 0.20-0.22 mm; (vii) 
0.22-0.24 mm; (viii) 0.24-0.26 mm; (ix) 0.26-0.28 
mm; (x) 0^8-0.30 mm; (xi) 0.30-0.32 mm; (xli) 
0.32-0.34 mm; (xiii) 0.34-0.36 mm; (xiv) 0.36-0.38 
mm; (xv) 0.38-0.40 mm; (xvi) 0.40-0.42 mm; (xvll) is 
0.42-0.44 mm; (xviil) 0.44-0.46 mm; (xlx) 0.46-0.48 
mm; and (xx) 0.48-0.50 mm. 

22. A MALDI sample plate as claimed in claim 20 or 21 , 
wherein said laser etched portion has a diameter 
selected from the group consisting of: (!) 0.2-0.4 
mm; (Ii) 0.4-0.6 mm; (Iii) 0.6-0.8 mm; and (iv) 0.8-1 .0 
mm. 

23. A MALDI sample plate as claimed in any preceding ^5 
claim, wherein said laser etched portion has peaks 
and troughs which are separated by an average dis- 
tance selected from the group consisting of: (i) 
100-90fim; (ii) 90-80^im; (Iii) 80-70^im; (iv) 
70-60fun; (v) 60-50jim; (vi) 50-40^m ; (vii) 40-30jim; 30 
(viii) 30-20jim; (ix) 20-1 Ojim; and (x) 10-1|im. 

24. A MALDI sample plate as claimed in any preceding 
claim, wherein said laser etched portion is arranged 

so as to draw in a sample solution deposited on the 35 
sample plate as the volume reduces. 

25. A MALDI sample plate as claimed in any preceding 
claim, wherein said sample plate is arranged in a 
microtitre fonnat. 

26. A MALDI sample plate as claimed in claim 25, 
wherein the pitch spacing between samples is ap- 
proximately or exactly 18 mm, 9 mm, 4.5 mm, 2.25 
mm. or 1.125 mm. 45 

27. A MALDI sample plate as claimed in claim 25 or 26, 
wherein up to 48, 96, 384, 1536 or 6144 samples 
are an^anged to be received on said sample plate. 

50 

28. A MALDI sample plate as claimed in claim 25, 26 
or 27, wherein samples are arranged to be depos- 
ited on said sample plate in a pattern of four sam- 
ples about a central control sample well. 

55 

29. The combination of a MALDI sample plate as 
claimed in any preceding claim and bio-molecules 
deposited on to said sample plate. 



30. A MALDI mass spectrometer in combination with a 
MALDi sample plate as claimed in any of claims 
1-28. 

31. A sample plate for use in mass spectrometry com- 
prising: 

a substrate comprising a plurality of sample re- 
gions, wherein each sample region comprises: 

a perimeter defining said sample region; 
an etched, roughened or indented portion 
within said perimeter and formed In said 
substrate; and 

a hydrophobic surface surrounding and/or 
covering said etched, roughened or Indent- 
ed portion within said perimeter. 

32. A sample plate as claimed in claim 31 , wherein said 
perimeter comprises a groove or a raised portion. 

33. A sample plate as claimed in claim 31 , wherein said 
etched, roughened or indented portion and said hy- 
drophobic surface surrounding said etched, rough- 
ened or indented portion are above the surface of 
said substrate. 

34. A sample plate as claimed in. claim 31 , wherein said 
etched, roughened or indented portion and said hy- 
drophobic surface surrounding said etched, rough- 
ened or indented portion are below the surface of 
said substrate. 

35. A sample plate for use in mass spectrometry com- 
prising: 

a plurality of roughened, etched or indented re- 
gions each coated with a material having a sur- 
face energy selected from the group consisting 
of: (i) < 72 dynes/cm; (ii) < 70 dynes/cm; (Iii) < 
60 dynes/cm; (iv) < 50 dynes/cm; (v) < 40 
dynes/cm; (vi) ^ 30 dynes/cm; (vii) < 20 dynes/ 
cm; and (viii) < 10 dynes/cm; and 
a groove or raised portion surrounding each 
said roughened, etched or indented region. 

36. A method of mass spectrometry, comprising the 
step of using a MALDI sample plate as claimed in 
any of claims 1-28. 

37. A method of sannple preparation comprising the 
step of: 

automatically or manually spotting samples on 
to a MALDI sample plate as claimed in any of 
claims 1-28. 

38. A method of sannpie preparation comprising the 
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step of: 

automatically or manually washing samples de- 
posited on to a MALDI sample plate as claimed 
in any of claims 1-28. 

39. A method of mass spectrometry comprising the step 
of: 

automatically or manually analysing analyte 
deposited on to a MALDI sample plate as 
claimed in any of claims 1-28. 

40. A method of making a MALDI sample plate, com- 
prising the steps of: 

providing either a substrate having a hydropho- 
bic coating on at least part of the surface of the 
substrate or a hydrophobic substrate; 
etching, roughening or indenting at least one 
etched, roughened or indented portion in said 
substrate by either: (I) laser ablation; (ii) chem- 
ical etching; (iii) electrochemical etching; (iv) 
mechanical etching; (v) electronbeam etching; 
or (vi) mechanical pressing; and 
coating at least a portion of said at least one 
etched, roughened or indented portion with a 
film of hydrophobic material. 

41. A method of making a sample plate for use in mass 
spectrometry, comprising the steps of: 

provkjing a substrate having a hydrophobic sur- 
face and having a plurality of sample regions 
defined by a plurality of grooves or raised por- 
tions; 

forming a roughened, etched or Indented re- 
gion within at least some of said sample re- 
gions; and 

coating at least a portbn of at least some of said 
roughened, etched or Indented regions with a 
hydrophobic material. 

42. A method of preparing a sample on a MALDI sample 
plate, comprising: 

provkjing a MALDI sample plate comprising a 
roughened, etched or indented region having a 
hydrophobic coating on at least a portion of said 
region; and 

depositing sample(s) on to said MALDI sample 

plate, each said sample(s) having a volume se- 
lected from the group consisting: (i) 2-4 p,l; (ii) 
4-6 (iii) 6-8 ^il; (iv) 8-10 (v) 10-12 jil; (vi) 
12-14 ^l;(vii) 14-16 fil; (viii) 16-18^1; (ix) 18-20 
^1; (X) 20-30 ^l; (xi) 30-40 ^1; (xii) 40-50 ^il; (xiii) 
60-60 M^l; (xiv) 60-70 p.1; (xv) 70-80 ^il; (xvi) 
80-90 nl; and (xvii) 90-100 ^iL 



43. A method of preparing a sample on a MALDI sample 
plate, comprising: 

providing a MALDI sample plate comprising a 
5 roughened, etched or indented region having a 

hydrophobic coating on at least a portion of said 
region; 

depositing sample{s) which include analyte on 
to said MALDI sample plate so that said sample 
10 (s) attaches to said roughened, etched or in- 

dented region; 

allowing said sample(s) to reduce in volume 
and so concentrate analyte on to said rough- 
ened, etched or Indented region; and then 
15 washing said MALDI sample plate. 

44. A method of automatically preparing a sample on a 
sample plate, comprising: 

20 providing a sample plate; 

automatically depositing sample(s) on to said 
sample plate so that sample(s) attaches to part 
of the sample plate comprising a roughened, 
etched or indented region having a hydropho- 

25 bic coating on at least a portion of said region; 

allowing said sample(s) to reduce in volume 
and so concentrate analyte on to said rough- 
ened, etched or indented region; and then 
automatically washing said sample plate. 

30 

45. A method of sannple preparation comprising the 
step of: 

automatically or manually chemically destain- 
35 ing gel or membrane samples in situ on a MAL- 

DI sample plate as claimed in any of claims 
1 -28. 

48. A method of sample preparation comprising the 
40 step of: 

automatically or manually chemically reducing 
samples In situ on a MALDI sample plate as 
claimed in any of claims 1 -28. 

45 

47. A method of sample preparation comprising the 
step of: 

automatically or manually chemically alkylating 
50 samples in situ on a MALDI sample plate as 

claimed in any of claims 1 -28. 

48. A method of sample preparation comprising the 
step of: 

55 

automatically or manually tryptically or chemi- 
cally digesting samples in situ on a MALDI sam- 
ple plate as claimed in any of claims 1-28. 
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49. A method of sample ■ preparation comprising the 
step of: 

automaticaily or manually chemically derivatts* 
ing samples in situ a MALDI sample plate as 5 
claimed in any of claims 1-28. 

50. A method of sample preparation comprising the 
step of: 
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automaticaty or manually washing samples in 
situ on a MALDI sample plate as claimed in any 
of claims 1 -28 in order to remove gel or mem- 
brane samples and/or other contaminants. 

51 . A method of sample preparation comprising at least 
two, three, four, five or six of the following steps: 



(i) automatically or manually chemically 
destaining gel or membrane samples in situ on 
a MALDI sample plate; 

(ii) automatically or manually chemically reduc- 
ing samples in situ on a MALDI sample plate; 

(iii) automatically or manually chemically 
alkylating samples in situ on a MALDI sample 

plate; 

(iv) automatically or manually tryptically or 
chemically digesting samples in situ on a MAL- 
DI sample plate; 

(v) automatically or manually chemically deri- 30 
vatising samples in situ a MALDI sample plate; 
and 

(vi) automaticaly or manually washing samples 
in situ on a MALDI sample plate in order to re- 
move gel or membrane samples and/or other 35 
contaminants, 

wherein said MALDI sample plate is a MALDI 
sample plate as claimed in any of claims 1-28. 

40 
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